To identify seasonal patterns of change in zooplankton communities, an optical plankton 9 counter (OPC) and microscopic analysis were utilised to characterise zooplankton 10 samples collected from 0 to 150 m and 0 to 500 m in the Oyashio region every one to 11 three months from 2002 to 2007. Based on the OPC measurements, the abundance 12 and biomass of zooplankton peaked in June (0-150 m) or August (150-500 m), 13 depending on the depth stratum. The peak periods of the copepod species that were 14 dominant in terms of abundance and biomass indicated species-specific patterns. 15 Three Neocalanus species (N. cristatus, N. flemingeri and N. plumchrus) exhibited 16 abundance peaks that occurred before their biomass peaks, whereas Eucalanus bungii 17 and Metridia pacifica experienced biomass peaks before their abundance peaks. The 18 abundance peaks corresponded to the recruitment periods of early copepodid stages, 19 whereas the biomass peaks corresponded to the periods when the dominant populations 20 reached the late copepodid stages (C5 or C6). Because the reproduction of Neocalanus 21 spp. occurred in the deep layer (>500 m), their biomass peaks were observed when the 22 major populations reached stage C5 after the abundance peaks of the early copepodid 23 stages. The reproduction of E. bungii and M. pacifica occurred near the surface layer. 24 These species first formed biomass peaks of C6 and later developed abundance peaks of 25 newly recruited early copepodid stages. From the comparison between OPC 26 measurements and microscopic analyses, seasonal changes in zooplankton biomass at 27 depths of 0 to 150 m were governed primarily by E. bungii and M. pacifica, whereas 28 those at depths of 150 to 500 m were primarily caused by the three Neocalanus species. 29 through the biological pump (Boyd and Newton, 1999; Ducklow et al., 2001). Little 49 information is available on the size composition of zooplankton in the Oyashio region.
Introduction 31
The Oyashio region is located in the western subarctic Pacific and is influenced 32 by the Oyashio Current, which mixes with the colder, less saline water of the Okhotsk Meeren and Naess, 1993; Yamamura, 2004) and regulates the vertical particulate flux In the Oyashio region, large copepods (N. cristatus, N. flemingeri, N. 101 plumchrus, E. bungii and M. pacifica) are known to dominate the mesozooplankton 102 biomass (73% of annual mean, Ikeda et al., 2008) . To evaluate growth across the 103 whole population, we examined samples from 0-500 m collected with 0.100-mm mesh. 104 For collection efficiency between the 0.335 mm and 0.100 mm mesh nets, stages C1-C6 105 of E. bungii and Neocalanus spp. were all quantitatively collected by both nets, whereas 106 C1-C3 of M. pacifica were not quantitatively collected with the 0.335 mm mesh 107 (Yamaguchi et al., 2010). We counted each copepodid stage of the five species listed 108 above based on subsamples (1/1-1/40, made with a wide-bore pipette). We multiplied (1) 116 where N is abundance (N: ind. m -3 ), n is counted number, s is the subsample factor and 117 F is the volume of water filtered through net towing (m 3 ). From the abundance data 118 (N), we calculated standing stocks (ind. m -2 , 0-150 or 0-500 m) by multiplying by the 119 maximum depth (150 or 500 m). the environmental parameters. The abundance and biomass in ind. m -2 and g DM m -2 , 145 respectively, in the 150-500 m stratum were calculated by subtracting the 0-150 m 146 values from the 0-500 m values. This depth-subtraction step, called the -subtracting 147 method‖, has not been used recently; however, this method of estimating the abundance 148 of zooplankton in a discrete depth interval (without the use of an opening/closing net) 149 was used >50 years ago (Motoda and Anraku, 1954 Anraku, , 1955 . For the abundance and 150 biomass of large copepods obtained by microscopic analysis, data were standardised 151 with the procedures mentioned above. 
Results

153
OPC calibration and dominant copepods 154
There was a highly significant correlation between the OPC-derived ESD (Y) 155 and PL (X) of copepods: Y = 0.478 X (r 2 = 0.96, p < 0.0001, Fig. 2a ). For total WM, 156 there was a highly significant correlation between OPC-derived WM (Y') and directly
The integrated temperature in the 0-150 m stratum of the water column varied 167 between 2.9˚C in March and 11.0˚C in November (Fig. 3a) . The temperature peaked 168 in November, decreased until March, gradually increased until September, and then 169 rapidly increased from September to November. The integrated mean salinity in the 170 0-150 m stratum varied between 33.16 in September and 33.75 in November. The 171 high-salinity season (November) corresponded to the peak temperature ( Fig. 3a) . In 172 terms of the water masses, the low-temperature and less saline Oyashio water 173 dominated from January to September, whereas the higher-temperature and saline water 174 was observed in November; a mixture of these two waters was observed in October and 175 December ( Fig. 3b ). Fig. 4a ). The abundance peak at 150-500 m was lower 181 (105,000 ind. m -2 ) than that for 0-150 m (Fig. 4b ). The contribution to abundance 182 from the <0.5-mm size class was lower than those of the 0.5-1.0-mm and 1.0-2.0-mm 183 size classes for the 150-500 m stratum.
184
Zooplankton biomass also peaked in June for the shallower stratum (0-150 m, 185 10.7 g DM m -2 ) and in August for the deeper stratum (150-500 m, 14.4 g DM m -2 ) ( Fig.   186 4c, d). These biomass peak seasons corresponded to the peaks in abundance. The 187 peak biomass values for the 150-500 m stratum were greater than those for 0-150 m. contribution of the smaller size classes was smaller than that of larger ones.
190
The seasonal changes in biomass of each size class at each depth are shown in throughout the year. C6 individuals were very rare above 500 m.
207
The abundance of Neocalanus flemingeri peaked at 8,566 ind. m -2 in March, 208 and dropped to scarcity (approximately 900 ind. m -2 ) from July to December (Fig. 6b ).
209
Early copepodid stages predominated in March (C1-C3 comprised 66% of total). This utilising the surface layer is considered to be a mechanism to reduce inter-specific food 297 competition.
298
The copepod abundance peaks measured here all corresponded with the peak 299 period of recruitment of the early copepodid stage of each species. Their biomass 300 peaks corresponded with the seasons when the majority of each population reached the 301 late copepodid stages (Figs. 6, 7) . Interestingly, the order of the abundance and 
362
For the smallest size class (<0.5 mm), there was one period when the 363 microscopically estimated biomass was greater than the biomass estimated by OPC 364 (March to July, Fig. 8a ). This is partly caused by the difference in mesh sizes, which October to December might be particularly affected by a warm-core ring that separated 377 from the Kuroshio Current.
378
In conclusion, the method of this study-combining OPC analysis and 379 microscopic analysis on the same samples-is valuable. From these analyses, we can 380 obtain both size and taxonomic information. Applying the individual size and biomass 381 data for each copepodid stage, the composition of each size class of each species in the 382 biomass was evaluated (Fig. 8) . Such comprehensive insights into the size and species 383 composition of the zooplankton biomass could not be obtained without this method. (Fig. 4) . Note that the biomass of -Others‖ is calculated as the 548 difference ([OPC derived mass] -[Microscopic derived copepod mass]). 3.750* Table 2 . Equivalent spherical diameter (ESD) size class of each copepodid stage of the dominant calanoid copepods in the Oyashio region. Mean ESD values are shown with ± 1 sd in the parentheses. All the measurements were done for 30 individuals of each stage. Note that the sex separation was not done for Neocalanus spp. because of the low abundance. *: C6 of N. cristatus was estimated from the prosome length ratio between C6 and C5 reported by Kobari and Ikeda (1999) .
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